Longitudinal dielectric permeability of the quantum degenerate collisional plasmas 
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Dielectric permeability of the degenerate electronic gas for the collisional plasmas is found. The 
kinetic equation of Wigner — Vlasov — Boltzmann with integral of collisions in relaxation form in 
coordinate space is used. We will notice that dielectric permeability with using of the relaxation 
equation in the momentum space has been received by Mermin. 
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I. INTRODUCTION 

In the present work formulas for conductivity and for 
dielectric permeability of quantum electronic plasma are 
deduced. 

Dielectric permeability is one of the major plasma 
characteristics. This quantity is necessary for description 
of process of propagation and attenuation of the plasma 
oscillations, skin effect, the mechanism of electromagne- 
tic waves penetration in plasma [H - , and for analysis 
of other problems in plasma physics. 

Dielectric permeability in the collisionless quantum 
gaseous plasma was studied by many authors (see, for 
example, Q-Q)- In work Q, where the one-dimensional 
case of the quantum plasma is investigated, importance 
of derivation of dielectric permeability with use of the 
quantum kinetic equation with integral collisions in the 
form of BGK - models (Bhatnagar, Gross, Krook) [l^ 
was marked. The present work is devoted to performance 
of this problem. 

In the present work for a derivation of dielectric perme- 
ability quantum kinetic Wigner — Vlasov — Boltzmann 
equation (WVB-equation) with collision integral in the 
form of r -models is applied. Such collision integral is 
named BGK-collision integral. 

The WVB-equation is written for Wigner function, 
which is analogue of distribution function of electrons 
for quantum plasma (see 11 1 and [l^). 

The most widespread method of investigation of quan- 
tum plasmas is the method of Hartree — Fock or a 
method equivalent to it, namely, the method of Random 



Phase Approximation [17| , 18| . In work j22| this method 



has been applied to receive expression for dielectric per- 
meabilityof quantum plasma in r -approach. However, 
in work [24j it is shown, that expression received in [25] is 
noncorrect, as does not turn into classical expression un- 
der a condition, when quantum amendments can be ne- 
glected. Thus in work [24| empirically corrected expres- 
sion for dielectric permeability of quantum plasma, free 
from the specified lack has been offered. By means of this 
expression authors investigated quantum amendments to 



optical properties of metal EH"] , ^2§\ . 

Dielectric permeability of quantum plasma is widely 
used also for studying the screening of the electric field 
and Friedel oscillations (see, for example, [l^ - 21 1). In 
the work screening of the Coulomb fields in magne- 
tised electronic gas has been is studied. 

In theory of quantum plasma there exist two essentially 
various possibilities of construction of the relaxation ki- 
netic equation in t - approximation: in the space of im- 
pulses (in the space of Fourier images of the distribution 
function) and in the space of coordinates. On the basis of 
the relaxation kinetic equations in the space of momen- 
tum Mermin [23| has carried out consistent derivation of 
the dielectric permeability for quantum collisional plasma 
in 1970 for the first time. 

In the present work expression for the longitudinal di- 
electric permeability with use of the relaxation equations 
in space of coordinates is deduced. If in the received 
expression we make Planck constant converge to zero 
( ft — ) , we will receive exactly classical expression of di- 
electric permeability of degenerate plasma. Various lim- 
iting cases of the dielectric permeability are investigated. 
Comparison with Mermin's result is carried out also. 



II. SOLUTION OF THE KINETIC EQUATION 

We consider the kinetic Wigner — Vlasov — Boltz- 
mann equation (28| : 

Here e is the charge of electron, W\U, /] is the func- 
tional of Wigner — Vlasov for the scalar potential U , 



(27r)3 



x/(r,p',t)exp(zb(p'-p))d^MV, (1-1) 

b — {bx,by,bz} is the vector, / — /(r, p,i) is the 
Wigner function for electrons, h is the Planck constant, 
B[f, f] is the collision integral. 
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Collision integral for quantum plasma in general case 
can have rather complex form. In particular, it can be 
non-local by coordinates as well. A limiting case of such 
quantum non-locality is considered in (2^ . In the present 
work the case when it is possible to present collision in- 
tegral in a local form is considered. Particularly, we 
will consider collision integral representation in a form 
of standart model BGK-coUision integral (Bhatnagar — 
Gross — Krook) [2^. Then the previous equation will 
be written in the following form: 



dt 



dr 



-W[UJ] + 



V feq{r,p,t) - /(r,p,t) 



(1.2) 



This equation describes behaviour of the collisional de- 
generate quantum plasma. 

Here ly is the effective scattering frequency of elec- 
trons (in particular, on impurities), f^q is the equilib- 
rium Fermi — Dirac distribution function of electrons. 
Further we will consider the case of degenerate quantum 
plasma. Then the equilibrium distribution function can 
be expressed in terms of Heaviside function 

/e, = e(£e,(r,t)-£), 
the function 8(x) is the function of Heaviside, 



e(x) 



1, X > 0, 
0, x<0. 



£ is the kinetic energy of electrons, £ 



P 

2m 



£f(r,t) 



2 2m 



is the perturbed Fermi energy of the electrons, p = mv 
is the momentum of the electron, Pf is the momentum 
of the electron on the Fermi surface. We assume that 
Fermi surface is spherical. 

Let's consider, that distribution electron function de- 
pends on one spatial coordinate x , time t and momen- 
tum p , and the electric potential depends on one spatial 
coordinate x and time t . Then the equations (1.1) and 
(1.2) can be written in a form: 



dl 

dt 



dl 

dx 



X /(a;, p', t) exp(ib(p' - p)) d^bd^p' 



(1.4) 



We will carry out linearization of the equations (1.3) 
and (1.4). Unperturbed absolute Fermi — Dirac distri- 
bution function for degenerate plasma has the form 

fF{p) = e(£F - £), 

where £f is the kinetic energy of electron on the Fermi 
surface, 

^f[P) = = 77^- 

2 2m 

In linear approximation in expression (1.4) instead of 
/ it is necessary to take the absolute Fermi — Dirac dis- 
tribution function /f . Our linearization of the Wigner 
function for electrons and the equilibrium distribution 
function leads to equalities: 

./ = ./F(p) + (7oe'('=--*)/i(p), (1.5) 



/e, = /F(p)+<5(£F-£)'5£F(x,t), (1.6) 

where /i(p) is a new unknown function, i(x) is the 
Dirac delta-function, 

SE.p{x,t) — E,p{x,t) — £f, 

Uq is the potential amplitude. We assume that has the 
form of the traveling wave 



U{x,t) = [/oe*^'^'^-'^*'. 



(1.7) 



The quantity S£.F{x,t) describes local change of 
Fermi's energy of the electronic gas, caused by change 
of its density. Presence of this term in collisions integral 
provides realization of the particle number conservation 
law for electrons. 

Let's substitute (1.5) and (1.6) in the equation (1.3). 
We receive the following equation: 

/i(p) \,,~iuj + ikv,)] C/oe*('=^-"*) = 



-W[UJf]+i^S{Ef - E){SEF{x,t)). 



(1.8) 



The Wigner — Vlasov functional has the following 
form in linear approximation: 



W[U,fF] 



1 



(2^)3 



U{^x+—,t)-U[x-—,t) 



—f-W\U, f] + ,y [feqix, p, t) - fix, p, t)\ , (1.3) 



W[UJ] 



(27r)3 



xfF{p')exp(th{p' ~p))dHd^p', 
We derive following expression for potential: 



hb 



hb,r. 



Uix+-^,t)-U{x--^,t) 



(1.9) 
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We will integrate in (1.9) by (Pb . Considering (1.10), 
we deduce: 



(1.10) = Uoe'^"^-"'^ 

where 



1 



(27r)3 



hbx 



e+(v)-e_(v) 



So, the Wigner — Vlasov's functional is equal to: 

W[U, Jm] = C/oe^^'^"-"*) [e+(v) - e_(v)] . (1.11) 

The quantity 5EF{x,t) we will find from the conser- 
vation law of particle number: 



U{x,t) 
"(27 



— ^ J exp(^ ^ ) — exp(^ ^ ) e ^■p ^' d b 



U{x,t)S{py - Py)S{p'^ - p^)x 



= U{x,t)5{py-p'y)5{p,-p',)x 



[Px-Px - -^)-^\Px-Px^Y) 

It is necessary to integrate by momentums: 
W\U,fF\ = U{x,t) j 5{py-p'y)5{p,-p',)x 

^[5(px-p'x-^)-^(px-p'x + ^)\-x 

As a result of integration by momentums we obtain: 
W[U,fF] = /7oe'('=^-'^*) X 



-e 



pI+pI 


{Px - f)' 


2m 


2m 


pI+pI 


{Px + ff 


2m 


2m 



or 



W[UJf] = ?7oe'('=^-'^*) X 



x{e[4-(..-^)^-K + t'.^) 
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/ hk .2 
+ 2^) 



Z/(/e, - f)dnF = 0, 



where 



2rf3p 
(2^ 



(1.12) 



According to the equality (1.12) we get the following 
equation: 



I'ifeq - f)d^V 



= j [5£f(a;,t)5(£f -£)-C/oe*('=^-'^*)/i(p) 
From this equality we obtain: 



d^v = 0. 



/ 



d{EF - S.)d^v 



(1.13) 



The denominator of the expression (1.13) is equal to 
the following: 

/ d{£.F - = I 5{VF - v)d''v = 

J mvF J m 

According to the equality (1-13) we have: 

5EF{x,t) = C/oe^('=--*)^ j hip)d^v. (1.14) 

Substituting the expression (1.14) in the equation 
(1.8), we obtain: 

«7oe'('="-"*Vi(p)(i^ - + ikv,)) = -jW[U, fF]+ 
+U,e^i^x-.t, m.mF ^ E) j 

4:TTVF J 
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Let's rewrite the equation (1.15) with the help of (1-11) 
in a form: 



/i(p)(zv - + ito,) = [e+(v) - e_(v) 



Taking into account the following equality 

S{Ef — £) = — - — 6{vf — v) 

m,vp 

from the equation (1.16) we obtain: 

iee+(v) - e_(v) 



+ 



(1.16) 



/1(P) = - 



h V + i{kvx — ui) 



+ 



Au 5{vf — v) 
4:TrVp u + i{kvx — w) 



(1.17) 



III. LONGITUDINAL PERMEABILITY AND 
CONDUCTIVITY 



Let's designate: 



j fi{p)d'v. 



(2.1) 



Substituting (1.17) in the relationship (2.1), we get: 



ie /e+(v)-e_(v) . 



f e+(v) - 

J v + iikv: 



■CO) 



Av f 6{vf - v)(fv 
^T^Vp J V + i{kvx — w) 



(2.2) 



The last integral in (2.2) is easily calculated with the 
use of spherical coordinates: 



/ 



5{vf — v)d^v 
V + i{}iVx — co) 



-10 



v^S{vf — v)dfidxdv 
V + i(kv^ — w) 



da ^^i^ui + iv-^- kvF 

(I V = ^TTW^T — In — r — • 

{kvF^i — ^^) kvF co + iu—kvF 



Let's designate further: 

, , , ii^ , oj + iiy + kvp 

go{uj,k,u) = — — In — — . 

2kvF (jj + iv — kvF 



Now from the equation (2.2) we obtain a relationship: 

; 1 



A = 



G4v)-e_(v)^3,. (2.3) 



h 1 — go{LO,k,v) J i> + i{kVx — to) 
Let's consider the integral from (2.3) 



V + i(kvx — w) 
According to definition of Heaviside function we have: 

2 



e±(v) 



1' (^-T^) ^vl^vl^vl, 



0, 



[vxTt^ 



Hence, this integral is equal to the following: 

dvxdvydvz 



/ dvxdvydv^ f 
J iy + i{kVx-LO) J 

Si St 



or 



where 



— u) J v + i{kvx — ijj) 



J{(jj,k,y) = J'^{(jO,k,v) — J {ojjkjv), 



7±/ , N f dvxdvy 

SI 



dv. 



■ coy 



Here S^. is a sphere with the centre in the point 
(=F 1^ , 0, 0) . The radius of this sphere is equal to electron 
velocity on Fermi's surface, 

Si = i^{vx,Vy,v,) : (vx±^y +vl + vl^v%Y 

After obvious replacement of a variable Vx± ^ ^ Vx 
we receive for integrals : 



J^{co, k,u) = / — 
J V 



dvx dvy dvz 



S3(0) 



where is the Fermi's sphere with the centre in the 
beginning of coordinates, 

5^(0) = 5^(0, 0, 0) = {{vx,vy, V,) : vl+vl+v^^ v^} . 
Fermi's sphere 5^(0) we will present in the form: 

v^=vf 



Here S^a _^2 (0, 0) there is a circle of the following 
form: 

Si.,. (0, 0) = {{vy, V,) : vl + vl < 4 - vl] . 
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Now we will calculate integrals as repeated: 



J V + ikiV: 



dVy dVz = TT 



■5'2 _„2(0.0) 

Now these integrals can be calculated easily: 



J (w, k, v) 



fc2 



ITTV 



Here, as earlier, 



Wzr + zi^ + kvp 
In — !^ ^ . 

Wic + 11' — kVF 



, ftA:2 

a;± = ui ± . 

2m 

The difference of integrals J"*" and J~ is equal to: 

^, , , 2i-Kvvph 

J(LO, k, u) = h 

m 



+■ 



fc3 



In 



w+ + ii/ + kvp 



tnv 
'1^ 



(w_ + ivY - k^Vp 



In 



a;+ + w — kvF 

uj- + iv + kvp 



ijj- + IV — kvF 
Let's present a difference (2.4) in the form: 
J{oj, k, v) = 



(2.4) 



2i'KVVF^ 



m 



^- g{'^+,k,v) + g{u)-,k,v) , (2.5) 



where 



g{uj±,k, v) 



m\iu}± + iuY - k'^vV\ , w± 
^ — In ■ 



kvi 



2hk^VF 



oj±+iu — kvF 



Thus, the quantity A according to (2.3) and (2.5) is 
equal to: 



A=- 



ie J{u),k,v) 
hi- go{ui,k,iy)' 



Hence, according to both (1.17) and (2.5) function 
/i(p) is constructed also: 



/1(P) 



le 



e+(v)~e_(v) 

v + i{kvx — to) 



+ 



+ 



J{lo, k. u) 



5{vf — v) 

4:TTVp{l — gQ{w,k,i')) p + i{kvx — u)) 



(2.7) 



Let's consider a relationship between electric field and 
potential 



u + ik{vx±^) -ico' or 



E{x, t) = -grad U{x, t), 



E 



and the equation of a continuity for current and charge 
densities: 

^ + ^ =0 
dt dx 

Here according to definition of dielectric conductivity 
we may represent the current density in the form: 



Hence, 



= -(T,C/oifce'('=^-"*) = -aiikU{x,t). 



^ = aik'U{x,t). 



Taking into account obvious equality for charge density 
p = ej fdQF = e J [/o(£) + [/oe'('="-"*Vi]rf^^F, 



we obtain: 



— = -iLjeU{x,t) / fidQF- 

Substituting last two equalities in the continuity equa- 
tion, we find the general formula for calculation of longi- 
tudinal conductivity: 



a, = —Jf,dnp = j^-^l hd V. 



(2.8) 



(2.6) Substituting (2.7) in (2.8), we get: 



{2nhYk^h 



{@+{-v)-Q-{v))d\ 



/• (e+(v)-e 

J u + i{kv: 



■CO) 



+ 



J{lo, fc, v) 



S{vf — v)d^v 

A'KVp{l - go{uj,k,iy)) J v + i{kvx - u)) 
and, using formulas 

(e+(v)-e-(v))d3i; 



+ ikvx — ioo 



J{lo, k, v), 
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S{vp — v)(Pv ^_ 2 



ly + ikvx — iuJ 



we derive: 



With the help of the formula for numerical electron 
density of degenerate plasma 

following expression for calculation of longitudinal con- 
ductivity is obtained: 



iie^Nuj 1 — g{u]^,k,v) + g{uj^,k,v) 



2mk'^Vp 



I- go{uj,k,v) 



, (2.9) 



or, with the use of classical conductivity do = , this 

mi' 

formula will be written in the form: 

/ 3i\ ujv 



(2.9') 



2 / {kvpf 



^- 9i^^+,k,iy) + g{uj-,k,v) 
1 - gQ{uj,k,i^) 

Using definition of dielectric permeability 

47ri 

£; = IH cr/, 

with the help of (2.9) we will get the following represen- 
tation for longitudinal dielectric permeability of plasma: 

ei{uj, k, v) = 



2fc2ti|, 1 — go{uj, k, v) 

where ojp is the electron plasma frequency, 



(2.10) 



Here 



iy x + iy + l 

go[x,y) = — In— -, 

2 X + ly — 1 



X + ly, 



(z±g/2)2-l z±q/2 + l 
9{z, ±q) = z In ■ 



2q 



z±q/2-l' 



Let V — , i.e. plasma is collisionless; then from the 
expression (2.10) the following classical formula for the 
dielectric permeability follows: 



ei{uj, fc) = 1 + 



2k'^VF 



l-g{LO^,k)+g{uj+,k) , (2.12) 



where 



m(w^ - fc^wf,) w± 4- kvp 
g(uj±, fc) = r^T^; In ■ 



2hk^vp uj± — kvp 

This formula is called (see, for example, [l^ - 21 1) 
dielectric Lindhard's function [2^ in the literature. It is 
deduced by the method of random phases approximation. 

In dimensionless variables dielectric Lindhard's func- 
tion has the following form: 



ei{x, g) = 1 + -xl[l - g{x, +q) + g{x, -q)], (2.13) 



where 



{x±q/2l-l x±q/2 + l 
g[x, ±q) = z In ■ 



2q 



x±q/2-l' 




Let's enter dimensionless parameters: 

iO V 

z^x + iy, x = - , y=- , 

kvp kvp 



FIG. 1: Kohn's singularity, = ; curves of 1, 2, 3 

correspond to parameters which are values of dimensionless 
collision frequencies y ~ 0, 0.005 0.01 . 



kvp kp 

mvp . , ^ . 

where kp = is the Fermi wave number. 

n 

The dimensionless dielectric function of these parame- 
ters has the the following form: 

£i{x,y,q) ^1 + -x r . 2.11 

2 ^ l-go(a;,y) 



On Fig. 1 Kohn's singularity in a case, when Xp = 
1, X — Q is represented; curves of 1,2,3 correspond 
to parameters which are values of dimensionless collision 
frequencies y — 0, 0.005 0.01 . 

On Fig. 2 Kohn's singularities in a case, when Xp — 
10, X — Q are represented, curves of 1,2,3 correspond 
to the values of parameter y = 0; 0.01; 0.02 . On 
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/- 20O V 

2-cj/k V 2+c,./k V 



FIG. 2: Kohn's singularities, Xp — 10, x = , curves of 1, 2, 3 
correspond to the values of parameter y = 0; 0.01; 0.02. 




9-{z,q) 



(z + gV2)2-g2 z + q + q^/2 
In 



2g3 



(z-gV2)2-q2 



2q3 



In 



^ + g - gV2 
z — q — /2 



Kohn's singularities are determined from four equa- 
tions: 



9^ ± 2g ± 2z = 0. 



(2.14) 



These equations at y = Q; {v = 0) define four Kohn's 
singularities, two of which at cj 7^ lay in neighbourhood 
of point q = 2 : 



qia = 1 ± Vl±2x, 
and two others lay in point neighbourhood q = —2 : 



93,4 = — 1 — \/l ± 2x. 

In the case of infinitesimal x we have from these for- 
mulas: 



FIG. 3: Kohn's singularities, Xp = 10, x = , curves of 1, 2, 3 
correspond to values of the parameter y = 0; 0.002; 0.004 . 



qi^2 « 2±x « 2± 



kpvp ' 



93,4 



-2±x 



-2±- 



kpvp 



In terms of dimensional Fermi wave number the Kohn's 
singularities are determined by equalities: 



Fig. 3 the case, when Xp = IQ, x = Q is represented, 
curves of 1,2,3 correspond to values of the parameter 
2/ = 0; 0.002; 0.004. 

In the formula (2.11) we will write new dimensionless 
variables: 



Z = = x + ly. 



OJ 



kpVF 



kpvp 



and 



^3,4 



kl±2 



Vp 



kj.±2 



kpLO 
Vp 



Besides that, these formulas may be rewritten in a 
form: 



y = 



kpVp 



kp 



At such replacement of variables we obtain the follow- 
ing formula for the longitudinal dielectric permeability: 



£i{x,y,q) = IH - 

where 



1 - 9+{z,q) +g-{z,q) 
2q'^ l~go{x,y,q) 



(2.13) 



^ kpvp ' 



mvp 
ki.2 = ^—1 1 



and 



mvp 



h 



'1±2- 



tlLU 



'1±2- 



TujJ\ 



1 ± 



Here £.p is the electron kinetic energy on a Fermi's 
surface 



iy x + iy + q 

go[x, y,q) ^ — In — — , 

Zq X + ly ^ q 



Thus, into collisionless plasma (j^ = 0)at oj there 
is a splitting of Kohn's singularities. 



8 



III. COMPARISON WITH MERMIN'S RESULT 

Mermin (see Mermin N.D. has obtaned the fol- 

lowing expression of dielectric function: 



{lu + iv) e°{ijj + iv, fc) — 1 



e°(0,fc) - 1 



(3.1) 



The formula (3.1) is obtained on the basis of the kinetic 
equation for one-partial density matrix p in momentum 
space. 

In the formula (3.1) the function £°(cj,fc) is the so- 
called Lindhard's dielectric function, i.e. the dielectric 
function obtained for coUisionless plasma, and defined 
by the equality (2.12): 



e°{uj, k) = ei{uj, k) = 1 + 



2k^VF 



^-9{^+,k)+9{i^-,k) 



Expression e° (w -I- iv, k) means that arguments of di- 
electric Lindhard function uj± are replaced formally on 
uj± + iv , i.e. 



With the help of (3.2)-(3.4) Mermin formula (3.1) will 
be written in our designations in the following form: 



= 1 



2fc24 



(uj + iv)[l — g{ijj+ + iv, k) + g(ijJ~ + iv, fc)] 
. 1 — q{lo+ + iv, k) + giuj- + iv, k) 

LO + IV 

l-5(0+,fc)+g(0_,fc) 



(3.5) 



From formulas (2.10) and (3.5) one can see, that in 
the case i/ — > the formula deduced in this work and 
Mermin formula turn into the same expression for di- 
electric function for quantum coUisionless plasma that is 
Lindhard dielectric function (2.12). 

IV. CONCLUSION 

It is interesting to notice, that in the case of low- 
frequency limit, i.e. at a; = Mermin dielectric func- 
tion does not depend on collision frequency v . Indeed, 
assuming w = in the formula (3.1), we obtain 



e°(aj -I- fc) — 1 = 



(0,fc,i/) 



^(0,fc) 



2k^vj, 



1 — gii^+ + iv, k) + g{uj- + iv, fc) . (3.2) 



So the function £°(0, fc) has the form 



er(0,fc)-l = 



Here 



5(0±,fc) 



3^2 



2fc2i;2, 



l-g(0+,fc)+g(0_,fc) . (3.3) 



i^-k'-l), ±|^ + fc.. 



2hk^VF 



In- 



±^ _ kvp 

2m ^ 



2hkvi 



In 



\ hk 

dzT^ Vp 



From these formulas follows that these two functions 
differ only in sign: 

g(0_,fc) = -9(0+,fc). 

From formulas (3.2) and (3.3) one can see that 

e°{ijj + iv,k)-l __ 
e°(0,fc) - 1 



1 — g{uj+ + iv) + g{<jJ^ + iv) 
l-.g(0+,fc)+.g(0_,fc) 



(3.4) 



H 
2k^vl 



l-g(0+,fc)+g(0_,fc) 



or, in dimensionless variables. 



ef\Q,k,v) = l + -xl 



- 1 , w + 1 
1 In 



2w 



w — 1 



(4.1) 



(4.2) 



From the formula obtained in the this work (2.10) we 
have another formula in a low- frequency limit: 



3a;2 

Si{Q,y,w) = l + ^ 



iy iy+l 



2 iy-1 



(iy + w)2 — 1 iy + w + 1 
1 In ■ 



Aw 



iy + w — 1 



{iy — w)"^ — 1 ^ iy — w + 1 



iy — w — 1 



(4.3) 



The formula (4.3) transforms into the formula (4.2) at 

So, in the present work analytical expression for the 
longitudinal quantum dielectric permeability of degener- 
ate electron plasma is derived. Kinetic Wigner — Vlasov 
— Boltzmann equation with collision integral in the form 
of relaxation r - model in coordinate space is used. 



9 



It is shown, that in a limiting case, when Planck con- 
stant tends to zero, the expression obtained is trans- 
formed in the classical formula for the longitudinal di- 
electric permeability of degenerate plasma. 

Static limits (a; — >■ ) for the dielectric permeabil- 
ity for coUisionless, and for collisional plasma have been 
found. 

Splitting of Kohn singularities in coUisionless plasma 
is marked. 

Comparison with classical Mermin's result for dielec- 
tric permeability has been carried out. We will notice, 
that Mermin formula was obtained with use of the re- 
laxation kinetic equation in the momentum space. For 
coUisionless plasma the formula deduced in this work, 
and the Mermin formula as well can be transformed into 
the same Lindhard formula. 
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